E vidence [1] [2] [3] [4] [5] [6] [7] [8] [9] suggests that osteopathic manipulative treatment (OMT) is efficacious for the management of low back pain; however, the mechanisms of action are poorly understood. The end point associated with many OMT techniquespain reduction-is a subjective experience difficult to measure in humans and animals.
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tion in the tip of the dorsal horn, first proposed by Melzack and Wall 17 and further confirmed and elaborated on by others, 18 is a mechanism by which manipulation could reduce joint pain.
Global gene expression in the central nervous system has been investigated as a means of understanding pain and its relief; of particular interest is the ability of alternative modalities to alter gene expression. In one study, 19 uninjured rats responsive to electroacupuncture (as measured by tail-flick latency) had differential expression of 63 genes in the hypothalamus compared with uninjured, unresponsive rats. In another study, 20 68 genes that were differentially expressed in the spinal cords of rats with neuropathic pain returned to basal expression levels after electroacupuncture.
More genes were differentially expressed at a lower electroacupuncture frequency than at a higher frequency in the arcuate nucleus of the hypothalamus compared with uninjured, untreated controls.
21
Yukhananov and Kissin 22 found differential expression of 67 pain-related genes in the spinal cord after hind paw inflammation.
From a previous study, Ruhlen et al 23 reported that injured rats treated with manual therapy did not recover voluntary running distance more quickly than untreated injured rats. Because behavioral end points in animal models can be subjective and prone to variability, we chose to assess a physiological end point, spinal cord gene expression, for the current study.
The purpose of the current study was to identify changes in spinal cord gene expression in rats with or without inflammatory joint injury of the ankle after manual therapy to the proximal knee or no treatment. We predicted that genes involved in pain-related pathways would be differentially expressed in the spinal cords of rats with inflammatory joint injury. Further, we hypothesized that manual therapy would return such genes to no-injury levels and that manual therapy in rats with or without a background of injury would induce differential gene expression in the spinal cord.
In a study by Sluka et al, 13 mobilization decreased mechanical withdrawal latency after inflammatory insult in rats. Improvement in withdrawal latency of both the ipsilateral and contralateral limbs in a rat model of pain implied potential involvement of the central nervous system. 13 Further, improvement in withdrawal latency after mobilization of the joint proximal to the injured joint also implied potential involvement of the central nervous system. 14 Evidence for the role of the central nervous system in mediating the effects of manual therapy comes from the observations that inhibition of the serotonergic pathway prevented the antihyperalgesic effect of manipulation 15 and that OMT altered human serum levels of cannabinoids and opioids, which probably act centrally. 
Microarray Hybridization and Data Analysis

RNA Extraction and Purification
The tissue was homogenized in QIAzol Lysis Reagent 14,23
Injury
Inflammatory joint injury was induced as described previously. 23 Briefly, 0.05 mL of 3% carrageenan in 0.9% saline (pH 7.4) was injected into the right ankle. Rats in the no-injury groups were not injected.
Manual Therapy
In the current study, we used a manual therapy protocol developed in our laboratory, 23 which was modified from that of Sluka et al 13, 14 and Skyba et al. 15 We treated single knees in rats anesthetized with isoflurane (2%-5%) using 
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Statistical Analyses
Data were analyzed using Bioconductor (version 2.12 ), Graphic illustration of the no injury and no touch (NI/NT) vs injury and no touch (I/NT) comparison in the current study. Each rat in the NI/NT group was paired with a rat in the I/NT group. After treatment, the L4-L5 sections of the rat spinal cords were harvested, and RNA was isolated, purified, and labeled with either cyanine 3 (Cy3; NI/NT samples, depicted as red) or cyanine 5 (Cy5; I/NT samples, depicted as green). The Cy3-labeled complementary DNA (cDNA) was combined with the Cy5-labeled cDNA and hybridized to probes. As indicated in this illustration, if a particular gene was downregulated in rat 4 vs in rat 1, there was a greater Cy3 than Cy5 intensity. Similarly, if the Cy5 intensity was higher for a gene than the Cy3 intensity (as shown for rat 5 vs rat 2), this indicates that the gene was upregulated in rat 5. Similar Cy5 and Cy3 intensities (as shown for rat 6 vs rat 3) suggest that these genes were equally expressed in spinal cord tissues of NI/NT vs I/NT rats. The comparisons of injury and manual therapy vs I/NT and NI/NT vs no injury and manual therapy were performed similarly. 
Discussion
To our knowledge, the current study is the first to examine differential gene expression after manual therapy.
We identified differential spinal cord gene expression between injured and uninjured rats, but we did not find evidence of differential gene expression after manual therapy. clustering analysis between their results and ours. Ion homeostasis sequences were enriched in both studies. Transmembrane sequences were enriched in the current study, and clusters that we feel are similar to transmembrane sequences (ie, membrane receptors and ligands) were enriched in the study by Yukhananov and Kissin. 22 However, there were no direct matches in the differentially expressed sequences between that study and the current one.
Also consistent with findings of other microarray studies, 19, 20, 22, 35 we identified altered neural ion regulatory genes in the injured condition. These results support the known integral role of ion transport in nociception. 36 Further, the strong representation of differentially expressed genes in the disulfide bond cluster in the current study suggests membrane protein transport, such as ion channels. The categories within that cluster included signal peptide, glycoprotein, and the extracellular region-char- One limitation of the current study was that rats were anesthetized during manual treatment. Because anesthesia may alter gene expression, 37 
Conclusion
The results of the current study suggest that mobilization of the joint did not affect gene expression in the central nervous system. If any effect of joint mobilization as performed in the current study was mediated by the central nervous system, it was not by means of altered gene expression. Although this outcome may disappoint OMT practitioners, it was just one outcome of 1 type of manipulation in 1 type of tissue, and OMT includes many techniques in many tissues with many expected outcomes. Therefore, it is premature to rule out the effect or define the mechanism of OMT on the basis of our study 
